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DESCRIPTION 

WIRELESS LAN SYSTEM, DIVERSITY DEVICE, AND WIRELESS LAN 

TERMINAL 

5 

TECHNICAL FIELD 

The present invention relates to a wireless LAN system, 
including a plurality of wireless LAN base stations, a 
wireless LAN terminal wirelessly connected to these 
10 wireless LAN base stations, and a diversity device 

connected to the wireless LAN base stations via an IP 
network, for relaying packet transfer between a terminal on 
the IP network and the wireless LAN terminal. 



15 BACKGROUND ART 

With the popularization of the Internet, private Local 
Area Networks (LAN) in houses and buildings are being set 
up using wireless communication. The wireless LAN conforms 
to a physical layer and a MAC layer specified in the IEEE 

20 802.11, and realizes multiplexing of multi-users by access 
control based on the Carrier Sense Multiple Access with 
Collision Avoidance (CMSA/CA) method (for example, see Non- 
patent literatures 1 and 2) . 

In such a conventional wireless LAN system, multi- 

25 point wireless connection of maximum 54 Mbps is realized 
through the physical layer and the MAC layer specified in 
the IEEE 802.11. However, to realize the wireless 
connection of 54 Mbps, it is necessary that the 
transmission distance is short, and that there are minimum 

30 wireless deterioration factors. In reality, the 

transmission distance can be long, and there are wireless 
deterioration factors, such as reflection on the wall. 

To handle this problem, Non-patent Literature 1 and 2 
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disclose an automatic adjusting function with a plurality 
of different transmission rates. In other words, when the 
transmission distance is long, or when there is a wireless 
deterioration factor, the transmission rate is reduced to 
5 48 (Mbps) , 36, 24, 16, to secure the wireless 

connection . 

Furthermore, the conventional wireless LAN discloses 
in the Non-patent literature 1 and 2 , that there is a 
handover function for searching a wireless LAN base station 
10 (hereinafter, "AP") at the destination and reconnecting the 
terminal and the AP , in the case of moving a wireless 
terminal . 

Non-patent literature 1: IEEE 802.11 Wireless LAN Medium 
Access Control (MAC) and Physical Layer (PHY) 

15 Specifications 1999 Edition 

Non-patent literature 2: Hideaki MATSUE and Masahiro 
MORIKURA, "802.11 High-speed Wireless LAN Textbook", IDC 
Japan, March 29, 2003, P. 49 to 51, and P. 84 

In the conventional techniques, it is attempted to 

20 handle the long distance communication and wireless 

deterioration factors by reducing the transmission rate. 
Hence, there is a problem in that high-speed transmission 
cannot be realized in long distance communication, and 
under bad wireless conditions . 

25 Furthermore, in the conventional wireless LAN, the 

handover function is provided, but can be used only for 
semi-fixed use, such as a Notebook PC used in an office is 
also used in a meeting room. If the wireless LAN is used 
while moving at a high speed, the handover time increases, 

30 thereby making a data interruption time long. 

In view of the above problems, it is an object of the 
present invention to provide a wireless LAN system, a 
diversity device, and a wireless LAN terminal that can 



3 



realize high-speed transmission and ensure a low error rate, 
even under bad wireless conditions and in long distance 
communication . 

It is another object of the present invention to 
5 provide a wireless LAN system, a diversity device, and a 

wireless LAN terminal that can reduce the time of temporary 
disconnection at the time of handover, when the wireless 
LAN terminal moves between the wireless LAN base stations. 

10 DISCLOSURE OF INVENTION 

A wireless LAN system including a plurality of 
wireless LAN base stations, a wireless LAN terminal 
wirelessly connected to the wireless LAN base stations, and 
a diversity device that relays packet transmission between 

15 a terminal on an IP network connected thereto and the 
wireless LAN terminal, where the wireless LAN terminal 
includes a first uplink packet processor that sequentially 
establishes association with the wireless LAN base stations, 
and transmits a plurality of same uplink packets to the 

20 diversity device in parallel via the association- 
established wireless LAN base stations, the diversity 
device includes a second uplink packet processor that 
alternatively selects the received same uplink packets and 
transmits the selected uplink packet to the terminal on the 

25 IP network; and a first downlink packet processor that 
creates a plurality of same downlink packets from a 
downlink packet from the terminal on the IP network, and 
transmits the created same downlink packets to the wireless 
LAN terminal in parallel via the wireless LAN base stations 

30 with which the association has been established, and the 
wireless LAN terminal includes a second downlink packet 
processor that selects and outputs one of the same downlink 
packets from the diversity device received via the wireless 
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LAN base stations. 

According to the present invention , when communication 
is carried out between the wireless LAN terminal and a 
terminal on the IP network, the wireless LAN terminal 
5 sequentially establishes association with the wireless LAN 
base stations, and after the association has been 
established, parallel communication is carried out between 
the wireless LAN terminal and the diversity device via the 
wireless LAN base stations, and one of the parallel 

10 communication data received by the wireless LAN terminal 
and the diversity device is selected and output. 

Accordingly, even under bad wireless conditions, high- 
speed transmission can be realized and low error rate can 
be ensured. Furthermore, even when the wireless LAN is 

15 applied to high-speed access in trains or vehicles moving 
at a high speed, high-speed transmission can be realized 
and a low error rate can be ensured. Furthermore, the time 
of temporary disconnection at the time of handover can be 
reduced, when the wireless LAN terminal moves between the 

20 wireless LAN base stations. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a system configuration of a wireless LAN 
system according to a first embodiment of the present 

25 invention; Fig. 2 is a block diagram of an internal 

configuration of an STA used in the system according to the 
first embodiment; Fig. 3 is a block diagram of an internal 
configuration of a diversity device used in the system 
according to the first embodiment; Fig. 4 depict the 

30 configuration of a packet with a sequence number added 

thereto; Fig. 5 depicts the configuration of a packet with 
a sequence number and received radio wave status 
information added thereto; Fig. 6 is a system configuration 



of a wireless LAN system according to a sixth embodiment of 
the present invention; Fig. 7 is a block diagram of an 
internal configuration of a layer 2 switch used in the 
system according to the sixth embodiment; and Fig. 8 is a 
block diagram of an internal configuration of an STA used 
in the system according to the sixth embodiment. 

BEST MODE(S) FOR CARRYING OUT THE INVENTION 

Exemplary embodiments of the present invention will be 
explained below in detail, with reference to the 
accompanying drawings . 

First Embodiment 

A first embodiment of the present invention will be 
explained with reference to Figs. 1 to 4 . Fig. 1 is a 
system configuration of a wireless LAN system according to 
the present invention. In the wireless LAN system shown in 
Fig. 1, a plurality (in this case, five) of wireless LAN 
base stations (hereinafter, "AP") 130a to 130e, a diversity 
device 120, and a terminal device 110 (hereinafter, 
"network terminal") are connected to an IP network 100. 
The network terminal 110 is a fixed terminal, such as a web 
server . 

A wireless LAN terminal (hereinafter, "STA") 140 is 
wirelessly connected to the APs 130a to 130e. The STA 140 
is a wireless transmitter receiver forming the wireless LAN 
together with the APs 130a to 130e, and under supervision 
of the STA 140, one or a plurality of user terminal devices 
90 (hereinafter, "STA side terminal"), such as personal 
computers, are connected to the STA 140 via a cable, for 
example. The STA 140 and the user terminal devices 90 move 
in a unified manner. In this case, a wide area wireless 
LAN is assumed, in which the STA 140 is mounted to a mobile 
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body such as trains or vehicles, and one or a plurality of 
user terminal devices 90 is mounted to the mobile body. 

It is desired to arrange cells so that the respective 
positions to which the STA 140 moves are covered by the APs 
5 in order to perform the diversity operation of the present 
invention. In Fig. 1, there is one STA 140 and one network 
terminal 110 for convenience, but these are provided in a 
plurality of numbers in practice. 

In the first embodiment, the communication between the 
10 STA side terminal 90 and the network terminal 110 is 
assumed. 

The diversity device 120 has a function of relaying 
packet transfer between the network terminal 110 and the 
STA side terminal 90, and executes network diversity 
15 operation in association with the STA 140. The outline of 
the network diversity operation (hereinafter, "diversity 
operation") will be explained below. 

(Uplink direction) 

20 When a packet is transmitted from the STA side 

terminal 90 to the network terminal 110, the STA 140 
establishes association with the APs and transmits the same 
packets to the diversity device 120 as a repeater, in 
parallel, via the APs. Upon reception of a plurality of 

25 packets via the APs, the diversity device 120 selects one 
packet and transmits it to the network terminal 110. 

(Downlink direction) 

Upon reception of a packet sent from the network 
30 terminal 110 to the STA side terminal 90, the diversity 
device 120 transmits the same packets to the STA 140 in 
parallel via the APs with which the association has been 
established. Upon reception of the packets via the APs, 
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the STA 140 selects one packet and transmits it to the STA 
side terminal 90. 

Fig. 2 is a block diagram of an internal configuration 
of the STA 140. As shown in Fig. 2, the STA 140 includes a 
5 network interface 150 , a sequence number adding unit (SN 
adding unit) 160, a copy generating unit 170 , a tunnel 
generating unit 180, a tunnel canceling unit 190, a 
selection processor 200, a sequence number deleting unit 
(SN deleting unit) 210, a diversity registration unit 220, 

10 and a wireless LAN interface (IF) 230. In the STA in Fig. 
2, an instance is shown in which diversity operation for 
multiple connections to two APs 130b and 130c shown in Fig. 
1 is performed . 

The network IF 150 has a transfer interface function 

15 with the network that is under the supervision of the STA 
140. After receiving an uplink packet from the STA side 
terminal 90, the network IF 150 sends the uplink packet to 
the SN adding unit 160. Furthermore, the network IF 150 
transmits a downlink packet sent by the SN deleting unit 

20 210 to the STA side terminal 90. 

The diversity registration unit 220 searches for APs 
in the periphery via the wireless LAN IF 230, and 
sequentially selects a predetermined number of APs to be 
multiply connected (in this case, the two APs 130b and 

25 130c) . Every time when the association is established, The 
diversity registration unit 220 sends out to the diversity 
device 120, a diversity registration request that includes 
a plurality of IP addresses corresponding to IP tunnels to 
be used by the STA and the like, via each of the APs 130b 

30 and 130c. The respective diversity registration requests 
may also include an IP address of the terminal 90 or a 
network prefix under the supervision of the STA. When the 
association with the predetermined number of (in this case, 
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two) APs has been established, the diversity registration 
unit 220 registers the diversity registration request for a 
plurality of paths selected by the own device , that is, the 
diversity registration request transmitted to the diversity 
5 device 120 , in the own device, and also starts the 
operation of a transfer system constituted by other 
components in the STA 140. The method of multiple 
connections to the APs in the wireless LAN between the STA 
140 and the APs can be one sharing the same frequency 

10 according to CSMA/CA, or one using an individual frequency 
for each wireless link. 

Every time when the STA 140 receives a packet from the 
STA side terminal 90, the SN adding unit. 160 adds a 
sequence number to the packet, which is updated by "1" 

15 every time, and sends the packet with the sequence number 
to the copy generating unit 170. 

The copy generating unit 170 copies the packet with 
the sequence number added, by the number instructed by the 
diversity registration unit 220 (the number of multiple 

20 connections) and sends the copied packets to the tunnel 

generating unit 180. All the copied packets have the same 
sequence number. In this case, because the diversity 
operation is performed via two APs, two packets are sent to 
the tunnel generating unit 180. 

25 The tunnel generating unit 180 builds an IP tunnel to 

the diversity device 120 for the packets received from the 
copy generating unit 170. That is, the tunnel generating 
unit 180 creates a header including the IP address of the 
pre-registered diversity device 120, and adds the header to 

30 the packets, to encapsulate the packets. The packets 

encapsulated in an IP tunnel mode are sent to the wireless 
LAN IF 230. 

The wireless LAN IF 230 sends out respective packets 
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to the wireless LAN link corresponding to the diversity 
information instructed by the diversity registration unit 
220 , to thereby wirelessly transmit the uplink packet to 
the necessary APs (in this case, the APs 130b and 130c) . 
5 The diversity information can be notified to the wireless 
LAN IF 230 via the tunnel generating unit 180. 

On the other hand, the wireless LAN IF 230 sends the 
downlink packets from the network terminal 110, received 
via the diversity device 120 and the APs 130b and 130c, to 

10 the tunnel canceling unit 190. The diversity device 120 
builds the IP tunnel to the STA 140 for the packets 
received via the APs 130b and 130c as described below. 
That is, the diversity device 120 uses the headers that 
include a plurality of IP addresses to be used by the STA 

15 140, which are included in the diversity registration 

request transmitted from the STA 140, to encapsulate the 
downlink packet from the network terminal 110. 

The diversity registration unit 220 notifies the 
tunnel canceling unit 190 of information such as the IP 

20 addresses used by the STA. The tunnel canceling unit 190 

uses the information to cancel the IP tunnel of the packets 
encapsulated in the IP tunnel mode, which have been 
received from a plurality of paths, and decapsulates the 
respective packets . 

25 The selection processor 200 checks the sequence number 

of the decapsulated packets, and when a plurality of 
packets having the same sequence number is received, 
selects one of them, and sends the selected packet to the 
SN deleting unit 210. If only one packet is received due 

30 to an error or the like in the wireless section, the 

selection processor 200 selects and outputs the packet. 

The SN deleting unit 210 deletes the sequence number 
from the packet received from the selection processor 200, 
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and sends the packet to the network IF 150. 

Fig. 3 is a block diagram of an internal configuration 
of the diversity device 120. As shown in Fig. 3, the 
diversity device 120 includes a network interface 350, a 
5 sequence number adding unit (SN adding unit) 360, a copy 

generating unit 370, a tunnel generating unit 380, a tunnel 
canceling unit 390, a selection processor 400, a sequence 
number deleting unit (SN deleting unit) 410, and a 
diversity registration unit 420. In the diversity device 

10 120 in Fig. 3, such an instance is shown that diversity 

operation for multiple connections to the two APs 130b and 
130c shown in Fig. 1 is performed. 

The network IF 350 has a transfer interface function 
with the IP network 100. After receiving a downlink packet 

15 from the network terminal 110 via the IP network 100, the 
network IF 350 sends the downlink packet to the SN adding 
unit 360. Furthermore, the network IF 350 transmits a 
plurality of (in this case, two) downlink packets, received 
from the tunnel generating unit 380, to a plurality of 

20 necessary APs (in this case, the APs 130b and 130c). 

Furthermore, the network IF 350 sends various registration 
data included in the diversity registration request 
received from the STA 140, to the diversity registration 
unit 420. The network IF 350 further sends an uplink 

25 packet from the APs (in this case, the APs 130b and 130c) 

to the tunnel canceling unit 390, and transmits the uplink 
packet received from the SN deleting unit 410 to the 
network terminal 110. 

The diversity registration unit 420 registers various 

30 registration data that are included in the diversity 

registration request from the STA 140 and that are input by 
the network IF 350. The registration data includes the 
number of multiple connections (in this case, two), the IP 
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addresses of the STA 140 used for the IP tunnel, and the IP 
address of the STA side terminal 90, or the network prefix 
under the supervision of the STA. 

Every time when the SN adding unit 360 receives a 
5 packet from the network terminal 110 on the IP network 100, 
the SN adding unit 360 adds a sequence number to the packet, 
which is updated by " 1" every time, and sends the packet 
with the sequence number to the copy generating unit 370. 

Fig. 4(a) depicts an IP packet with a sequence number 

10 SN, when a router such as a layer 3 home agent (HA) is 
adopted as the diversity device 120, and the sequence 
number SN is added immediately after the IP header. Fig. 
4(b) depicts an IP packet with a sequence number SN , when a 
layer 2 switch is adopted as the diversity device 120, and 

15 the sequence number SN is added immediately after the MAC 
header. 

The copy generating unit 370 copies the packet with 
the sequence number by the number instructed from the 
diversity registration unit 420 (= the number of multiple 

20 connections) , and sends the copied packets to the tunnel 

generating unit 380. All the copied packets have the same 
sequence number. In this case, because the diversity 
operation is performed via two APs, two packets are sent to 
the tunnel generating unit 380. 

25 The tunnel generating unit 380 builds an IP tunnel to 

the STA 140 for the packets received from the copy 
generating unit 370. That is, the tunnel generating unit 
380 uses the IP addresses used by the STA 140 and that are 
included in the registration data in the diversity 

30 registration unit 420, to create a plurality of headers, 
and adds the headers to the packets , to encapsulate the 
packets. In this case, because two packets are input to 
the tunnel generating unit 380, a header including a 
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different IP address is added to each of the packets, and 
the packets are sent to the network IF 350. 

The tunnel canceling unit 390 uses the information of 
the IP address used by the diversity device 120 and the 
5 like, which is notified from the diversity registration 

unit 420, to cancel the IP tunnel for the packets received 
from a plurality of paths, and decapsulates the respective 
packets . 

The selection processor 400 checks the sequence number 

10 of the decapsulated packets, and when a plurality of 
packets having the same sequence number is received, 
selects one of them, and sends the selected packet to the 
SN deleting unit 210. If only one packet is received due 
to an error or the like in the wireless section, the 

15 selection processor 400 selects and outputs the packet. 

The SN deleting unit 410 deletes the sequence number 
from the packet received from the selection processor 200, 
and sends the packet to the network IF 350. 

The operation in the present invention will be 

20 explained next. An example in which the STA 140 is 
multiply connected to two APs 130b and 130c will be 
explained. ' The operation is the same even if the STA 140 
is multiply connected to two or more APs. 

The diversity registration unit 220 in the STA 140 

25 searches APs in the periphery via the wireless LAN IF 230 

and after having determined one AP , establishes association 
with the AP (in this case, AP 130b) . After having 
established the association with the AP 130b, the diversity 
registration unit 220 sends out a diversity registration 

30 request to the diversity device 120 via the AP 130b. The 
diversity registration request includes a first IP address 
used by the STA, and the address of the STA side terminal 
90 or a network prefix under the supervision of the STA. 
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The diversity registration unit 220 in the STA 140 
further searches APs in the periphery, selects an AP to be 
connected next (in this case, AP 130c), and establishes the 
second association with the AP 130c. After having 
5 established the second association with the AP 130c, the 
diversity registration unit 220 sends out a diversity 
registration request including a second IP address used by 
the STA, and the address of the STA side terminal 90 or a 
network prefix under the supervision of the STA, to the 

10 diversity device 120. 

In this manner, after the predetermined number of 
multiple connections (in this case, two) has been 
established, the diversity registration unit 220 registers 
the diversity registration request for a plurality of paths 

15 selected by the own device, that is, the diversity 

registration request transmitted to the diversity device 
120, in the own device (the diversity registration unit 
220) , and also initiates the operation of the transfer 
system constituted by other components in the STA 140, that 

20 is, copy process of the uplink packet and selection process 
of the downlink packet. 

The two diversity registration requests are 
transmitted to the diversity device 120, via the AP 130b 
and the AP 130c, respectively. The diversity device 120 

25 receives the two diversity registration requests via the 
network IF 350. 

The diversity registration unit 420 in the diversity 
device 120 registers various registration data included in 
the two diversity registration requests received from the 

30 network IF 350. The registration data includes the number 
of multiple connections (in this case, two), the IP 
addresses of the STA 140 used for the IP tunnel, and the IP 
address of the STA side terminal 90, or the network prefix 
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under the supervision of the STA. Accordingly, the 
diversity device 120 can recognize the packet addressed to 
the STA side terminal under the supervision of the STA 140. 
When the registration process has finished, the diversity 
5 device 120 initiates the operation of the transfer system 
constituted by other components, that is, copy process of 
the downlink packet and selection process of the uplink 
packet . 

10 (Downlink packet process) 

The process of transmitting the downlink packet from 
the network terminal 110 to the STA side terminal 90 will 
be explained next. 

The SN adding unit 360 in the diversity device 120 

15 adds a sequence number to the packet from the network 

terminal 110 received by the network IF 350. Subsequently, 
the copy generating unit 370 copies the packet by the 
number (in this case, two) instructed by the diversity 
registration unit 420, and transmits the copied packets to 

20 the tunnel generating unit 380. The tunnel generating unit 
380 uses the first and the second IP addresses to be used 
by the STA 140 in the registration data in the diversity 
registration unit 420, to create two headers including the 
respective IP address, adds the header to the corresponding 

25 packets, thereby generating two IP tunnel packets formed by 
encapsulating the two packets that were input. The network 
IF 350 transmits the two generated packets to the 
corresponding AP 130b and 130c. 

The STA 140 receives these two IP tunnel packets 

30 wirelessly through separate paths via the two APs 130b and 
130c. The STA 140 sends the two packets, received from the 
two paths via the wireless LAN IF 230, to the tunnel 
canceling unit 190. The information such as the first and 
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the second IP addresses to be used by the STA has been 
notified to the tunnel canceling unit 190, and hence, the 
tunnel canceling unit 190 uses these pieces of information 
to execute decapsulation process for canceling the IP 
5 tunnel for the two packets. 

The selection processor 200 checks the sequence number 
of the decapsulated packets, and when a plurality of 
packets having the same sequence number is received, 
selects one of them, and sends the selected packet to the 

10 SN deleting unit 210. The SN deleting unit 210 deletes the 
sequence number from the packet received from the selection 
processor 200, and sends the packet to the network IF 150. 
The network IF 150 sends the packet, from which the 
sequence number has been deleted, to the STA side terminal 

15 90 under the supervision of the STA 140. 

(Uplink packet process) 

The process of transmitting the uplink packet from the 
STA side terminal 90 to the network terminal 110 will be 

20 explained next. 

The SN adding unit 160 in the STA 140 adds a sequence 
number to the packet from the STA side terminal 90 received 
by the network IF 150. Subsequently, the copy generating 
unit 170 copies the packet by the number (in this case, 

25 two) instructed by the diversity registration unit 220, and 
transmits the copied packets to the tunnel generating unit 
180. The tunnel generating unit 180 generates a header 
including the pre-registered IP address of the diversity 
device 120, adds the header to the two packets, and 

30 encapsulates the two packets. The two packets encapsulated 
in the IP tunnel mode are sent to the wireless LAN IF 230. 
The wireless LAN IF 230 sends out the respective IP tunnel 
packets to the wireless LAN link corresponding to the 
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diversity information instructed by the diversity 
registration unit 220, thereby to wirelessly transmit the 
uplink packet to the two APs 130b and 130c. 

The diversity device 120 receives these two IP tunnel 
5 packets through separate paths via the two APs 130b and 
130c. The diversity device 120 sends the two IP tunnel 
packets received via the network IF 350 to the tunnel 
canceling unit 390. The information such as the IP address 
to be used by the diversity device 120 has been notified to 
10 the tunnel canceling unit 390, and hence, the tunnel 
canceling unit 390 uses the information to execute 
decapsulation process for canceling the IP tunnel for the 
two packets . 

The selection processor 400 checks the sequence number 
15 of the decapsulated packets, and when a plurality of 
packets having the same sequence number are received, 
selects one of them, and sends the selected packet to the 
SN deleting unit 410. The SN deleting unit 410 deletes the 
sequence number from the packet received from the selection 
20 processor 400, and sends it to the network IF 350. The 
network IF 350 sends out the packet, from which the 
sequence number has been deleted, to the network terminal 
110 . 

Thus, in the first embodiment, when communication is 
25 - performed between the STA side terminal 90 and the network 
terminal 110, the STA 140 sequentially establishes the 
association with a plurality of APs, and thereafter, a 
plurality of parallel communication is carried out between 
the STA 140 and the diversity device 120 via a plurality of 
30 APs, and the STA 140 and the diversity device 120 select 
one of the parallel communication data to send it out to 
the STA side terminal 90 and the network terminal 110. 
Accordingly, high-speed transmission can be realized and a 
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low error rate can be. ensured, even under bad wireless 
conditions. Furthermore, even when the wireless LAN is 
applied to high-speed access in trains or vehicles moving 
at a high speed, high-speed transmission can be realized 
5 and a low error rate can be ensured. Furthermore, when the 
wireless LAN terminal moves between the wireless LAN base 
stations, the time of temporary disconnection at the time 
of handover can be reduced. Since the packet communication 
is carried out in the IP tunnel mode, packets can be 
10 reliably transmitted between the STA and the diversity 

device. Furthermore, since the sequence number is added to 
the packet, and the packet is selected by confirming the 
sequence number, the sequence of the packets cannot be 
mistaken . 

15 In the first embodiment, an example in which the 

terminal STA side terminal 90 is under the supervision of 
the STA 140 has been explained. In the present invention, 
however, the STA can be a mobile station such as a notebook 
PC or a PDA having the wireless LAN function. 

20 

Second Embodiment 

In a second embodiment, for each sequence number, the 
selection processor 200 in the STA 140 shown in Fig. 2 
performs the selection process in which a first correctly 

25 received packet, of a plurality of downlink packets having 
the same sequence number, is determined as a selected 
packet, and sent out to the SN deleting unit 210, and all 
the packets having the same sequence number received 
thereafter are disposed of. 

30 The selection processor 400 in the diversity device 

120 shown in Fig. 3 performs the similar process. That is, 
for each sequence number, the selection processor 400 
performs the selection process in which a first correctly 
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received packet , of a plurality of uplink packets having 
the same sequence number, is determined as a selected 
packet, and sent out to the SN deleting unit 410, and all 
the packets having the same sequence number received 
5 thereafter are disposed of. 

According to such selection process, a packet delay is 
reduced, and the circuit configuration can be simplified. 

Third Embodiment 

10 In a third embodiment, the selection processor 200 in 

the STA 140 shown in Fig. 2 waits for a certain period of 
time to receive a plurality of downlink packets having the 
same sequence number, and selects one packet among the one 
or more packets having the same sequence number received 

15 within the certain period of time. In other words, the 

selection processor 200 saves a first correctly received . 
packet temporarily, waits until the certain period of time 
has passed, and performs selection process to select one 
packet out of the packets received within the certain 

20 period of time. 

The selection processor 400 in the diversity device 
120 shown in Fig. 3 performs the similar process. That is, 
the selection processor 400 waits for a certain period of 
time to receive a plurality of uplink packets having the 

25 same sequence number, and selects one packet among the one 
or more packets having the same sequence number received 
within the certain period of time. 

According to such selection process, a packet having a 
low error rate can be selected, thereby improving the data 

30 quality. 

Fourth Embodiment 

In a fourth embodiment, the reception side in the 
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wireless communication adds additional information to the 
packet. The additional information includes any one of the 
radio status (for example, strength of received signal) and 
an error check result (for example, CRC error check result 
5 and error correction result) or both, at the time of 
receiving a wireless packet. 

In other words, in the case of downlink data, the 
additional information is added by the wireless LAN IF 230 
in the STA 140, and sent out to the selection processor 200 

10 The selection processor 200 selects a packet having good 

radio status and good error check result, among the packets 
having the same sequence number. Thereafter, the 
information of the sequence number, the radio status, and 
the error check result is appropriately deleted, and the 

15 packet is transmitted to the STA side terminal 90. 

In the case of the uplink data, the AP adds the 
additional information to the packet and sends the packet 
to the diversity device 120. The selection processor 400 
in the diversity device 120 selects a packet having good 

2 0 radio status and good error check result, among the packets 
having the same sequence number. Thereafter, the 
information of the sequence number, the radio status, and 
the error check result is appropriately deleted, and the 
packet is transmitted to the network terminal 110. 

25 Fig. 5(a) depicts an IP packet with a sequence number 

SN and the radio status information, when a router such as 
a layer 3 home agent (HA) is adopted as the diversity 
device 120, and the sequence number SN and the radio status 
information are added immediately after the IP header. Fig 

30 5 (b) depicts an IP packet with a sequence number SN and the 
radio status information, when a layer 2 switch is adopted 
as the diversity device 120, and the sequence number SN and 
the radio status information are added immediately after 
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the MAC header. 

According to the fourth embodiment, a packet having 
good wireless quality and a low error rate can be reliably- 
selected . 

5 

Fifth Embodiment 

In a fifth embodiment, a Mobile IP home agent 
(hereinafter, "HA") is used as the diversity device 120. 
In the Mobile IP, packets from a fixed terminal on the IP 

10 network 100 to a mobile terminal always pass through the HA. 
Therefore, if the function of the diversity device is added 
to the HA, the packet from the fixed terminal to the mobile 
terminal can be reliably relayed. 

However, in the Mobile IP, the packet from the mobile 

15 terminal to the fixed terminal does not pass through the HA, 
but is directly routed to the fixed terminal. In the 
present invention, therefore, an IP tunnel from the STA to 
the HA is generated so that the packet from the mobile 
terminal to the fixed terminal passes through the HA 

20 without fail. In the communication from the mobile 

terminal to the fixed terminal, the HA cancels the tunnel, 
and transfers the packet to the fixed terminal. 

According to the fifth embodiment, a low-cost 
diversity device can be realized by diverting a function of 

25 an existing apparatus. 

Sixth Embodiment 

In a sixth embodiment, a layer 2 switch is adopted as 
the diversity device 120. Fig. 6 is a system diagram when 
30 the layer 2 switch is used as the diversity device. Fig. 7 
is a block diagram of a layer 2 switch with a network 
diversity function. Fig. 8 is a block diagram of the STA 
when the layer 2 switch with the network diversity function 
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is used. 

In the wireless LAN system shown in Fig. 6, a 
plurality of layer 2 switches 20 and a plurality of network 
terminals 110 are connected to the IP network 100, and a 
5 plurality of APs 130a to 130e are connected to the layer 2 
switches 20 under the supervision thereof. The remaining 
configuration is the same as in the wireless LAN system 
shown in Fig. 1. 

The diversity registration unit 420 of the diversity 

10 device 120 shown in Fig. 3 is not included in the layer 2 

switch 20 shown in Fig. 7. The diversity registration unit 
220, the tunnel generating unit 180, and the tunnel 
canceling unit 190 of the STA 140 shown in Fig. 2 are not 
included in the STA 10 shown in Fig. 8. 

15 In this case, similar to the earlier case, the layer 2 

switch 20 has a function of relaying packet transfer 
between the network terminal 110 and the STA side terminal 
90, and the layer 2 switch 20 executes the network 
diversity operation in cooperation with the STA 140. 

20 However, the IP tunnel used in the system in the first 

embodiment and the like is not used in this system, because 
the layer 2 switch is used here. Therefore, one IP address 
and one MAC address are allocated to the STA 140. The 
method of multiple connections between the STA 140 and the 

25 APs can be one sharing the same frequency according to 
CSMA/CA, or one using an individual frequency for each 
wireless link. 

According to the layer 2 switch 20 with the diversity 
function, when one MAC address is learnt at a plurality of 

30 ports, packet copy operation is performed for the number of 
learning with respect to the downlink packet, and the 
selection process for selecting one packet from packets for 
the number of learning having the same sequence number is 
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executed with respect to the uplink packet. 

In other words, for example, when the STA 10 has 
established association with two APs, the STA 10 initiates 
copy generation and selection process, and performs data 
5 communication via the two APs. In this case, with the 
layer 2 switch 20, the MAC address learnt at the port 
connected to the first AP is also detected at the port 
connected to the second AP . With the general layer 2 
switch 20, learning at the first port is canceled with 

10 respect to the corresponding MAC address, and learning is 
switched to the second port. 

In the layer 2 switch 20 with the diversity function 
of the present invention, therefore, when the same MAC 
address is detected at a plurality of ports, learning of 

15 the MAC address is carried out at each of the ports. In 

other words, while saving the learning result at the first 
port, learning is also carried out at the second port. 

With the layer 2 switch 20, when one MAC address is 
learnt at a plurality of ports, packet copy operation is 

20 performed for the number of learning with respect to the 
downlink packet, and the selection process for selecting 
one packet from the packets for the number of learning 
having the same sequence number is executed with respect to 
the uplink packet. Canceling of learning of the MAC 

25 address may be performed, for example, using an aging timer 
that detects that a packet does not arrive for a certain 
period of time. Alternatively, such a method is used that 
when the number of copies/selection is 2, the oldest 
learning is canceled when the same MAC address is detected 

30 at the third port. 

That is, in this system, with regard to the downlink 
packet transfer, the SN adding unit 360 in the layer 2 
switch 20 adds a sequence number to a packet received from 
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the network terminal 110 through the network IF 350. 
Subsequently, the copy generating unit 370 copies the 
packet by the number of ports corresponding to the same MAC 
address learnt by the network IF 350, and sends the copied 
5 packets to the network IF 350. The network IF 350 

transmits the generated packets to the corresponding APs 
130c and 130d. 

The STA 10 receives these two packets wirelessly 
through separate paths via the two APs 130c and 130d. The 

10 STA 10 sends the two packets, received through two paths 

via the wireless LAN IF 230, to the selection processor 200. 
The selection processor 200 checks the sequence number of 
the input packets for the number of connected APs, and when 
a plurality of packets having the same sequence number is 

15 received, selects one of them, and sends the selected 

packet to the SN deleting unit 210. The SN deleting unit 
210 deletes the sequence number from the packet received 
from the selection processor 200, and sends the packet to 
the network IF 150. The network IF 150 sends the packet, 

20 from which the sequence number is deleted, to the STA side 
terminal 90 under the supervision of the STA 10. 

On the other hand, with regard to the uplink packet 
process, the SN adding unit 160 in the STA 10 adds a 
sequence number to the packet from the STA side terminal 90 

25 received through the network IF 150. Subsequently, the 

copy generating unit 170 copies the packet for the (preset) 
number of connected Aps , and transmits the copied packets 
to the wireless LAN IF 230. The wireless LAN IF 230 sends 
out the respective packets to a plurality of established 

30 wireless LAN links, to thereby wirelessly transmit the 
uplink packet to the two APs 130c and 130d. 

These two packets are received at the layer 2 switch 
20 through separate paths via the two APs 130c and 130d. 
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The layer 2 switch 20 sends the two packets, received 
through two paths via the network IF 350, to the selection 
processor 400 . 

The selection processor 400 checks the sequence number 
5 of the packets for the number of ports (in this case, two) 
corresponding to the same MAC address learnt by the network 
IF 350, and when two packets having the same sequence 
number are received, selects one of them, and sends the 
selected packet to the SN deleting unit 410. The SN 

10 deleting unit 410 deletes the sequence number from the 

packet input from the selection processor 400, and sends 
the packet to the network IF 350. The network IF 350 sends 
out the packet, from which the sequence number has been 
deleted, to the network terminal 110. 

15 Thus, in the sixth embodiment, the layer 2 switch 20 

is used to realize the diversity function only through the 
layer 2. Accordingly, in addition to the effect of the 
first embodiment, the processing time can be speeded up and 
at a low cost. 

20 In the sixth embodiment, the layer 2 switch 20 cannot 

learn the MAC address until the layer 2 switch 20 receives 
an uplink signal from the STA 10, and hence, in this case, 
the layer 2 switch 20 transmits a downlink signal without 
copying the packet. Therefore, when the STA 10 moves to an 

25 area of another AP and handover occurs, under such a 

situation that only the downlink packets from the network 
terminal 110 are received by the STA 10 for a long time, 
the layer 2 switch 20 sends out the downlink packets only 
to the previous path, and cannot execute the diversity 

30 operation. 

To avoid this problem, therefore, the STA 10 or the AP 
sends out a dummy packet for learning the MAC address of 
the STA 10, in the uplink direction to the layer 2 switch 
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20 , upon establishment of the second association and 
thereafter . 

INDUSTRIAL APPLICABILITY 

The wireless LAN system according to the present 
invention is useful for a wireless LAN system applied to 
environments under bad wireless conditions, long distance 
transmissions, and high-speed accesses in trains or 
vehicles moving at a high speed. 



